The urokinase receptor, overexpressed in invasive colon cancer, promotes tumour cell invasion. Since K-Ras is activated in many colon cancers, we determined if urokinase receptor overexpression is a consequence of this activated oncogene. Accordingly, urokinase receptor expression was compared in HCT 116 colon cancer cells containing either a mutation-activated K-Ras or disrupted for this oncogene (by homologous recombination). HCT 116 cells containing the disrupted K-Ras oncogene expressed between 50 and 85% less urokinase receptor protein compared with the parental HCT 116 cells. Reduced urokinase receptor expression in cells containing the disrupted mutated K-Ras was not due to a physical impairment of the urokinase receptor gene since phorbol ester treatment was inductive for its expression. Constitutive urokinase receptor expression in HCT 116 cells required an intact AP-1 motif in the promoter (at -184) and electrophoretic mobility shifting assays indicated less c-Jun, JunD, c-Fos and Fra-1 bound to this motif in the K-Ras-disrupted cells. Since the urokinase receptor accelerates proteolysis, laminin degradation was compared in cells containing the mutation-activated and disrupted K-Ras oncogene. The latter cells displaying fewer urokinase receptors, degraded 80% less laminin. This is the first study to demonstrate a role for K-Ras as a regulator of the constitutive expression of the urokinase receptor.
The urokinase-type plasminogen activator (u-PA) is a serine protease that converts the inert zymogen plasminogen into plasmin ,a protease with broad substrate specificity (Robbins et al, 1967; Nielsen et al, 1982) . Urokinase can bind specifically and with high affinity (K D Ӎ0.5 nM) to a 45-60 kDa, heavily glycosylated, cell surface receptor (u-PAR) (Vassalli et al, 1985; Stoppelli et al, 1986) comprised of three similar repeats of approximately 90 residues each Riittinen et al, 1996) . The aminoterminal domain binds the plasminogen activator with the carboxyterminus domain anchoring the binding protein to the cell surface via a glycosyl-phosphatidylinositol chain Riittinen et al, 1996) . The 7 exon u-PAR gene is located on chromosome 19q13 (Vagnarelli et al, 1992; Casey et al, 1994) and transcription of the gene yields a 1.4-kb mRNA or an alternatively spliced variant lacking the membrane attachment peptide sequence (Roldan et al, 1990; Pyke et al, 1993) . The amounts of u-PAR are controlled mainly at the transcriptional level through 398 base pairs of upstream sequence, but altered message stability and receptor recycling may represent other means of controlling the amount of this gene product at the cell surface Lengyel et al, 1996; Shetty et al, 1997; Nykjaer et al, 1997) .
The u-PAR is a multi-functional molecule. First, urokinase bound to the u-PAR activates plasminogen at a much faster rate than fluid-phase plasminogen activator (Ellis et al, 1991; Higazi et al, 1995) . Second, the binding site clears urokinase-inhibitor complexes from the extracellular space Conese et al, 1994 ) through a mechanism involving the α2 macroglobulin receptor. Third, it is now evident that the u-PAR interacts with the extracellular domain of integrins to connect to the cytoskeleton thereby mediating cell adhesion and migration (Bohuslav et al, 1995; Wei et al, 1996; Yebra et al, 1996) .
In cancer, the u-PAR plays a prominent role in tumour cell invasion and metastasis. Earlier studies have shown that the overexpression of a human u-PAR cDNA increased the ability of human osteosarcoma cells to invade into an extracellular matrixcoated porous filter (Kariko et al, 1993) . Conversely, down-regulating u-PAR levels using either antisense expression constructs, oligonucleotides, or synthetic compounds reduced the ability of Hep3 squamous cell carcinoma, breast cancer cells and transformed fibroblasts to demonstrate an invasive phenotype in vitro and in vivo (Kook et al, 1994; Quattrone et al, 1995) . Similarly, Wilhelm et al (1994) demonstrated that soluble u-PAR used as a scavenger inhibited the in vitro invasion of ovarian cancer cells. In clinical studies, u-PAR-positive tumour cells in the bone marrow of gastric cancer patients is an indicator of a metastaticallyrelevant population in a pool of minimal residual tumour cells (Allgayer et al, 1997) .
Targeted disruption of the K-Ras oncogene in an invasive colon cancer cell line down-regulates urokinase receptor expression and plasminogendependent proteolysis
We demonstrated previously that cultured colon cancer cell lines displaying a large number of u-PAR at the cell surface (>10 5 per cell) were more invasive in vitro compared with other colon cancer cell lines equipped with tenfold fewer binding sites (Hollas et al, 1991) and that interfering with the binding of urokinase with its receptor to the former group reduced their ability to degrade laminin (Schlechte et al, 1989; Hollas et al, 1991) and invade in vitro. These data were consistent with in situ hybridization studies localizing u-PAR mRNA to cancer cells in invasive foci of colon adenocarcinomas (Pyke et al, 1991) . As a clinical corollary, Ganesh and co-workers (Ganesh et al, 1994) showed that in colon cancer patients, a high u-PAR protein level is a predictor of a poor 5-year outcome. How then is the u-PAR gene overexpressed in colon cancer? It is widely documented that K-Ras is mutated at a high (50%) rate in colon cancer (Ahnen et al, 1998) . Considering this observation, we undertook a study to determine if the high u-PAR protein in a cultured colon cancer cell line (HCT 116) characterized as having a mutation-activated K-Ras (Gly 13 to Asp 13 ) (Shirasawa et al, 1993 ) was due to this activated oncogene. Towards this end, we compared u-PAR expression in HCT 116 cells containing the mutation-activated K-Ras with HCT 116 cells in which this gene had been disrupted by homologous recombination (Shirasawa et al, 1993) . We report that u-PAR expression, as measured at the protein/mRNA levels as well as by laminin degradation, is decreased in HCT 116 cells in which the K-Ras oncogene has been 'knocked out' and that this is probably largely a consequence of decreased binding of c-Jun and c-Fos to a regulatory AP-1-binding motif located in the promoter region of the u-PAR gene.
MATERIALS AND METHODS

Cell lines
HCT 116 cells and the mutation K-Ras-knocked out cells (HKh-2, HKe-3 and HK2-8) were grown in McCoys 5A medium supplemented with, or without, 10% fetal bovine serum (FBS). The disruption of the mutation-activated K-Ras in HCT 116 cells thereby generating HKh-2, Hke-3 and HK2-8 clones was as described previously (Shirasawa et al, 1993) .
Vectors and antibodies
The u-PAR CAT/luciferase reporters consisted of 449 base pairs of sequence (Wang et al, 1995) stretching from -398 to +51 (relative to the transcription start site) cloned into pCAT-Basic vector or pGL3 (Promega, Madison, WI, USA). The mutated AP-1 u-PAR CAT reporter (AP-1 distal mt u-PAR CAT) has been described previously (Lengyel et al, 1996) . Oligonucleotides were purchased from Genosys Biotechnologies (The Woodlands, TX, USA). Supershifting antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The activated c-Ha-ras expression construct included a 6.6-kb BamHI fragment from the activated c-Ha-ras EJ oncogene from T24 bladder carcinoma cells cloned in a pSV2neo plasmid (Nicolson et al, 1990 ).
Preparation of nuclear extracts and EMSA
Nuclear extracts and electrophoretic mobility shift assay (EMSA) were carried out as described elsewhere (Lengyel et al, 1996) . The oligonucleotide used corresponding to the sequence of the u-PAR promoter spanning nucleotides -199/-170. EMSA was performed using nuclear extract (15 µg), 0.6 µg of poly dI/dC and (2 × 10 4 cpm) of a T4 polynucleotide kinase-labelled (γ 32 P) ATP oligonucleotide.
Reporter assays
Cells were transfected at 60% confluency using poly-L-ornithine as described previously (Nead and McCance, 1995) . Where indicated, transient transfections were performed in the presence of a luciferase expression vector (4 µg) and transfection efficiencies determined by assaying for luciferase activity. CAT activity was measured as described previously (Lengyel et al, 1996) . The amount of acetylated [ 14 C]chloramphenicol was determined using a Storm 840 Phosphorimager (Molecular Dynamics, Sunnyvale, CA, USA) using ImageQuant software. Reporter assays using the u-PAR promoter fused to a luciferase reporter were as described by us previously (Allgayer et al, 1999) .
Western blotting and ELISA for u-PAR protein
Cells were extracted into a buffer (10 mM Tris pH 7.4, 0.15 M sodium chloride, 1% Triton X-100, 0.5% NP-40, 20 µg ml -1 aprotinin, 1 mM phenylmelthylsulphonyl fluoride, 1 mM EGTA, 1 mM EDTA) for 10 min at 4°C. Insoluble material was removed by centrifugation and 750 µg protein of cell extract immunoprecipitated at 4°C for 16 h with 0.25 µg of a polyclonal anti-u-PAR antibody and protein A agarose beads. The polyclonal antibody (kindly provided by Dr Andrew Mazar, Angstrom Pharmaceuticals, San Diego, CA, USA) was raised in rabbits against amino acids 1-281 of the human u-PAR and purified on a Sepharose-immobilized u-PAR column. The immunoprecipitated material was subjected to standard Western blotting (Burnette, 1981) and the blot probed with 5 µg ml -1 of an anti-u-PAR monoclonal antibody (#3931 American Diagnostica, Greenwich, CT, USA) and an HRP-conjugated goat anti-mouse IgG. Bands were visualized by enhanced chemiluminescence (Amersham, Arlington Heights, IL, USA).
u-PAR protein determinations by enzyme-linked immunosorbent assay (ELISA) were performed as described by the manufacturer (American Diagnostica, Greenwich, CT, USA).
Northern blotting
The level of steady state urokinase receptor transcript was determined by Northern analysis (Lengyel et al, 1996) . Total cellular RNA was extracted from 90% confluent cultures using 5.0 M guanidinium isothiocyanate and purified on a caesium chloride cushion (5.7 M) by centrifugation at 150 000 g for 20 h. Purified RNA was electrophoresed in a 1.5% agarose-formaldehyde gel and transferred to Nytran-modified nylon by capillary action using 10 × sodium-saline citrate (SSC). The Northern blot was probed at 42°C with a random primed radiolabelled 0.65-kb cDNA specific for u-PAR mRNA (Roldan et al, 1990) . The blots were washed at 65°C using 0.25 × SSC (SSC = 0.15 M sodium chloride, 15 mM sodium citrate, pH 7.4) in the presence of 0.75% sodium dodecyl sulphate (SDS). Loading efficiencies were checked by reprobing the blot with a radioactive cDNA which hybridizes with the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA.
Laminin degradation assays
These were carried out as described previously (Schlechte et al, 1989) . Cells were harvested with 3 mM EDTA-PBS (phosphatebuffered saline), washed twice and seeded (100 000 cells) on radioactive laminin-coated (2 µg per dish) dishes. The cells were allowed to attach overnight. Subsequently, cell surface urokinase receptors were saturated with 5 nM urokinase and the cells washed extensively to remove the unbound protease. The cells were then replenished with serum-free medium with, or without, 10 µg ml -1 plasminogen (final concentration). After varying times at 37°C, aliquots of the culture medium were withdrawn and counted for radioactivity. Solubilized laminin represents the degraded glycoprotein (Schlechte et al, 1989) .
RESULTS
Effect of a disrupted activated K-Ras on u-PAR mRNA/protein
HCT 116 colon cancer cells contain an activated K-Ras (Buard et al, 1996) . To determine the role of this activated oncogene in regulating u-PAR expression, the amount of the u-PAR protein/mRNA was compared in parental HCT 116 cells and their counterparts (HKh-2, Hke-3 and HK2-8) in which the activated K-Ras was disrupted by homologous recombination (Shirasawa et al, 1993) . In Western blotting, reactive bands (M r 45-60 kDa) indistinguishable in size to the u-PAR receptor were detected using cellular extracts from HCT 116 cells ( Figure 1A ). The diffuse nature of the bands probably reflects the glycosylation state of the u-PAR protein (Moller et al, 1993) . Cellular extracts generated with the clone HKh-2, in which the mutation-activated K-Ras had been 'knocked out', indicated substantially less of the u-PAR protein when compared with the parental HCT 116 cells. This difference was independent of whether the cells were propagated in serumfree medium (-FBS) or McCoys medium supplemented with 10% FBS (+ FBS). Extracts from HCT 116 and three independently derived clones in which the activated K-Ras had been 'knocked out' were also analysed by a commercially available ELISA for u-PAR protein ( Figure 1B ). Whereas HCT 116 cells contained 13.0 ± 2.7 ng u-PAR protein -1 mg -1 protein, this value was reduced by over 50% for clone Hke-3 (5.9 ± 1.5 ng mg -1 ) and up to 80% for the HKh-2 clone (2.3 ± 0.4 ng mg -1 ). It is presently unclear as to why u-PAR expression was not uniformly reduced in the three clones. This is unlikely to be due to different levels of expression of the activated K-Ras since all clones were verified as being disrupted at this allele as demonstrated by site-specific hybridization analysis, Southern blotting and reverse transcription polymerase chain reaction (RT-PCR) (Shirasawa et al, 1993) .
To corroborate the u-PAR protein data, RNA was extracted and purified from the cells and analysed for steady-state u-PAR mRNA by Northern blotting ( Figure 1C ). The three separate clones lacking the activated K-Ras contained less u-PAR mRNA compared with the parental HCT 116 cells. Thus, HKh-2 and HK2-8 which had the lowest amount of u-PAR protein were characterized as having the least amount of u-PAR mRNA. In contrast, the Hke-3 clone had both intermediate levels of u-PAR protein and mRNA.
Stimulation of u-PAR expression by PMA and an activated c-Ha-ras in HCT 116 cells in which the activated K-Ras is disrupted
To rule out the possibility that the method of disrupting the activated K-Ras gene in HCT 116 had also physically disrupted the u-PAR gene, we determined if an exogenous stimulus previously shown to be inductive for u-PAR expression (Picone et al, 1989; Lund et al, 1991) Subsequently, cells were extracted, equal protein amounts immunoprecipitated with a polyclonal anti-u-PAR antibody and the material subjected to Western blotting using a monoclonal anti-u-PAR antibody. Immunoreactive bands were visualized by enhanced chemiluminescence. The positive control consists of cellular extract from the RKO cell line which displays 300 000 binding sites per cell (Boyd et al, 1988) .
(B) Cells were grown to 95% confluence in 10% FBS, extracted and assayed for u-PAR protein by an ELISA. (C) Cells were grown as described for (B), RNA extracted and purified. Purified RNA was analysed by Northern blotting using a 0.65 kb cDNA corresponding to the u-PAR mRNA. The blot was reprobed with a GAPDH cDNA. The data are typical of duplicate experiments cells. Towards this end, HCT 116 and HKh-2 cells were treated with 100 nM PMA for varying periods of time and analysed for u-PAR protein by Western blotting (Figure 2A ). Expectedly, in the absence of the phorbol ester, HKh-2 cells contained less u-PAR protein than the parental HCT 116. In contrast, u-PAR protein was substantially induced in both HCT 116 and HKh-2 cells by PMA.
Although it appeared that the time frames of induction (maximal inductions 8 and 23 h for HCT 116 and HKh-2 cells respectively) were different, the fact that u-PAR expression was inducible by the phorbol ester indicated that this gene was still subject to control by external stimuli and hence was not physically impaired. We were also interested in determining whether the re-expression of an activated Ras would lead to increased u-PAR expression. Towards this end, HKh-2 cells were co-transfected with a u-PAR promoter-regulated luciferase reporter construct and an activated c-Ha-ras (Nicolson et al, 1990 ) expression plasmid. Increasing amounts of the effector plasmid resulted in a dosedependent increase in u-PAR promoter activity ( Figure 2B ). The highest amount of the c-Ha-ras expression construct led to over a fivefold induction in u-PAR promoter activity. These results suggested that the signalling machinery connecting the Ras protein at the cell surface to nuclear transcription factors regulating u-PAR promoter activity in HKh-2 cells is intact.
HKh-2 cells degrade laminin at a slower rate than HCT 116 cells
Since one of the functions of the u-PAR is to facilitate plasminogen-dependent proteolysis (Ellis et al, 1991) , we determined if laminin degradation by HKh-2 cells was decreased relative to HCT 116 cells. Cells were harvested non-enzymatically and plated on culture dishes coated with radioactive laminin. After cell attachment and saturation of cells surface u-PAR with exogenous urokinase, plasminogen was added and at various times thereafter, aliquots of the culture supernatant were counted for radioactivity. HCT 116 cells rapidly degraded the laminin as measured by the solubilized product. After 100 min, approximately 420 000 cpm of radioactivity was released in duplicate experiments (Figure 3 ).
In contrast, HKh-2 cells solubilized 80% less laminin (about 80 000 cpm) over an identical time frame. These findings are consistent with the view that disruption of the mutated K-Ras in HCT 116 colon cancer cells diminishes u-PAR-directed proteolysis.
Down-regulation of the u-PAR gene in HCT 116 cells containing a disrupted K-Ras oncogene is partly a consequence of reduced transactivation of the promoter through an upstream AP-1 motif
We next determined the mechanism by which u-PAR expression is down-regulated in the K-Ras 'knocked out' HCT 116 cells. Since we previously demonstrated the requirement of an upstream AP-1 confluence were treated with PMA (100 nM) for the indicated times after which cellular extracts were generated and analysed for u-PAR protein as described in the legend to Figure 1A . The positive control consists of cellular extract from the RKO cell line which displays 300 000 binding sites per cell (Boyd et al, 1988) . (B) HKh-2 cells were transfected with a u-PAR luciferase reporter construct and varying amounts of an expression plasmid encoding an activated c-Ha-ras gene (H-Ras) or, as a control, pSV2neo. After 2 days, the cells were extracted and analysed for luciferase reporter activity 5 ) plated in serum-free medium (SF) onto radioactive laminin-coated dishes. Cells were allowed to attach and cell surface u-PAR saturated by a 30-min incubation with 5 nM exogenous urokinase. After this time, the cells were washed extensively and supplemented with, or without, plasminogen (Plas). The cells were cultured for varying times at 37°C after which aliquots of the culture supernatant were counted for radioactivity. At the end of the experiment, cells were harvested and enumerated. The data are shown as average values of duplicate experiments motif (184 base pairs upstream of the major transcriptional start site) for the constitutive expression of the gene in another colon cancer cell line (RKO) (Lengyel et al, 1996) we speculated that the high level of u-PAR protein in HCT 116 may similarly be due to transactivation through this motif. To test this possibility, HCT 116 cells were transiently transfected with a CAT reporter driven by either the wild-type or the AP-1-mutated u-PAR promoter. The u-PAR promoter in which the AP-1 motif was mutated, showed a 50-70% reduction compared with the wild-type promoter (Figure 4) . Thus, the constitutive activity of the u-PAR promoter in HCT 116 cells is mediated partly through an AP-1 motif at -184.
Since optimal u-PAR expression in HCT 116 required the AP-1 motif at -184, we hypothesized that the amount of transcription factor(s) bound to this motif would be less using nuclear extract from HKh-2 cells in which the mutated K-Ras was disrupted. Towards this end, nuclear extracts were generated from both HCT 116 and HKh-2 cells and mobility shifting experiments performed using a u-PAR promoter oligonucleotide spanning the AP-1 motif at -184. Addition of nuclear extract (equal protein) from either HCT 116 or HKh-2 cells resulted in slower moving bands ( Figure 5 ). Most of these were specific (parenthesis) since they were abolished with a 100-fold excess of the non-radioactive oligonucleotide. More importantly, the intensity of the specific bands was substantially greater using nuclear extract from HCT 116 cells compared with that generated with HKh-2 cells. Interestingly, addition of FBS to the HKh-2 cells resulted in some induction in the amount of transcription factor(s) bound (compare 45-and 15-min treatments with 10% FBS). However, this was in the absence of increased u-PAR protein synthesis as evident by Western blotting ( Figure 1A) . Presumably, this is a consequence of the requirement of multiple transcription factors for induction of u-PAR gene expression. Indeed, we recently reported that u-PAR synthesis is trans-activated by an AP-2α-related factor through a separate DNA-binding motif (Allgayer et al, 1999) .
To identify the trans-acting proteins bound by the oligonucleotide spanning the AP-1 motif (-184) of the u-PAR promoter, supershifting experiments were performed (Figure 6 ). Addition of antibodies to c-Jun, JunD, c-Fos, and Fra-1 further reduced the mobility of the shifted bands indicating the presence of these AP-1-binding proteins complexed with the u-PAR promoter oligonucleotide. Conversely, antibodies to JunB, Fra-2 or FosB failed to supershift the u-PAR promoter oligonucleotide-protein complex. Interestingly, the amount of c-Jun, JunD, c-Fos and . Parallel cultures were transfected with RSV CAT and pSV0 CAT as positive and negative controls respectively. After 2 days, the cells were extracted and analysed for CAT reporter activity after normalization for differences in transfection efficiency. Chloramphenicol conversions were determined using a Storm 840 Phorphorimager. The experiment was carried out twice Fra-1 bound to the u-PAR promoter oligonucleotide was greater for HCT 116 nuclear extracts when compared with HKh-2 nuclear extracts as judged by the greater intensity of the supershifted bands. Taken together, these data suggest that the lower amount of u-PAR protein in HKh-2 cells containing a disrupted K-Ras oncogene is at least partly a consequence of reduced AP-1-dependent transactivation of the promoter. These findings are reminiscent of a recent report demonstrating the accumulation of higher levels (and increased DNA-binding) of the AP-1-binding proteins, c-Jun and Fra-1 (Mechta et al, 1997) in cells transformed with the K-Ras oncogene.
DISCUSSION
The urokinase receptor has previously been shown to be overexpressed in invasive colon cancer and this overexpression is associated with a shorter survival time for patients afflicted with the cancer (Pyke et al, 1991; Ganesh et al, 1994) . However, the initial stimulus for the elevation in u-PAR protein production has yet to be determined. Since, K-Ras mutations are common in colon cancer (Bos, 1989; Ahnen et al, 1998) we hypothesized that this activated oncogene contributes to the elevated expression of the urokinase binding site. To answer this question, we compared u-PAR expression in a colon cancer cell line (HCT 116) previously described as having an activated K-Ras with HCT 116 cells in which this oncogene was disrupted by homologous recombination. Our data clearly show, for the first time, a reduced expression of the urokinase binding site in the cells in which the activated K-Ras gene had been 'knocked out'. Taken together, these data suggest that u-PAR expression, in at least a sub-population of colon cancer, is regulated by a mutation-activated K-Ras. However, it should be emphasized that it is unlikely that elevated u-PAR production in colon cancer is always a consequence of this mutation. Thus, we have found instances in which u-PAR expression in cultured colon cancer is elevated in the absence of a K-Ras mutation (Buard et al, 1996; Lengyel et al, 1997) . Interestingly, in an earlier study, Jankun and co-workers (Jankun et al, 1991) had shown an increased amount of urokinase bound to the receptors on fibroblasts transformed with the K-Ras oncogene. The authors in that publication concluded that the K-Ras oncogene was increasing the expression of the serine protease thereby accounting for the increased occupation of the binding sites. At the same time, it is equally possible that the transformed fibroblasts were manifesting elevated u-PAR expression thereby capturing more of the protease. However, since u-PAR expression was not measured directly, it is not clear whether the K-Ras oncogene increased production of the u-PAR in the fibroblasts.
Although, the u-PAR expression was reduced by the disruption of the activated K-Ras gene, by no means was expression eliminated. These findings would indicate that other signalling mechanisms also contribute to u-PAR expression in the HCT 116 colon cancer cells. For example, it is possible that growth factor signalling through the normal K-Ras allele (which is intact) maintains u-PAR expression. However, this is a less likely possibility since we found that u-PAR expression was unchanged by growing the cells in the absence of serum. Alternatively, it may very well be that signalling events downstream (or in parallel to) (Herrera-Velit et al, 1997) of K-Ras also contribute to the elevated expression of the urokinase binding site in HCT 116 colon cancer cells.
Considering the evidence implicating the activated K-Ras in regulating u-PAR expression, what is the molecular mechanism by which this is accomplished? For u-PAR expression, the current and a previous study (Lengyel et al, 1996) have implicated an upstream AP-1 motif required for the constitutive expression of the gene in invasive cultured colon cancer. There has been intense effort to elucidate the downstream molecules that transmit the signal from Ras to the transcription factors regulating AP-1-dependent gene expression. For example, it is well recognized that Ras can signal through the classical c-Raf-1-MEK1, extracellular signal-regulated kinase (ERK) cascade (Minden, et al 1994) as well as through the parallel Rac-1, mitogen-activated protein kinase kinase (MEKK), c-Jun amino-terminal kinase (JNK) pathway (Minden et al, 1994; Russell et al, 1995) or a separate PI-3 kinase-dependent pathway (Rodriguez-Viciana et al, 1994; Winkler et al, 1997) . Indeed, it is possible that the K-Ras-regulated u-PAR expression in HCT 116 cells is ERK-dependent. Thus, we previously reported that down-regulation of u-PAR expression in another colon cancer cell line (RKO) could be achieved by the expression of a dominant negative expression construct to ERK1 or by treatment of cells with an inhibitor of ERK1 activation (PD 098059) (Lengyel et al, 1997) . Consistent with this notion is the finding by us of increased amount of c-Fos bound to the u-PAR promoter AP-1 motif. It is well known that c-Fos expression is increased by the ERKs via stimulation of ternary complex formation on the c-Fos promoter (Gille et al, 1992) . On the other hand, recent studies have shown that the activated K-Ras in HCT 116 cells does not result in a constitutive activation of MEK1 and ERK (Ohmori et al, 1997) . Thus, it may very well be that other signalling modules in HCT 116 cells are required for regulating u-PAR expression in response to the K-Ras oncogene. For example, the involvement of a JNK1-dependent signalling module in the regulation of u-PAR expression by phorbol ester was demonstrated by our group (Gum et al, 1998) . This MAPK increased AP-1-dependent gene transcription largely by increasing the transcriptional activity of c-Jun subsequent to its phosphorylation on serine residues (Hibi et al, 1993; Adler et al, 1994; Minden et al, 1994) . Again, however, previous studies from Ohmori et al (1997) would indicate otherwise, Thus, these workers found that JNK was not activated in HCT 116 cells when compared with the clones Hke-3 and HKh-2 in which K-Ras was deleted by homologous recombination. We can only speculate that the reduced u-PAR expression in the K-Ras-knocked out cells is due to another signalling pathway. One potential cascade could be p38, which regulates c-Fos expression via preventing the activation of the Sap-1A transcription factor (Janknecht et al, 1997) . Alternatively, it may be that the increased c-myc levels (Ohmori et al, 1997) in HCT 116 cells are related, in some way, to the elevated u-PAR levels evident in this cell line when compared with clones in which the K-Ras gene was disrupted.
In conclusion we have, for the first time, provided evidence for a role of an activated K-Ras as a regulator of the overexpression of the urokinase binding site and consequently plasminogen-dependent extracellular matrix degradation in at least these cultured colon cancer cell lines.
